Objective. To compare the prevalence of diabetes mellitus (DM) and metabolic syndrome (MetS) in prostate cancer patients with or without androgen deprivation therapy (ADT).
INTRODUCTION
Prostate cancer is the most common cancer among men, with a median age at diagnosis of 68 years. 1 The incidence of prostate cancer has risen by 5-118% in Asian countries, with the highest rates noted in Rizal Province in the Philippines, although this is still much lower than those in the United States and many European countries. 2 Data derived from two population-based cancer registries in the country, namely: the Department of Health-Rizal Cancer Registry and the Philippine Cancer Society Inc.-Manila Cancer Registry showed that from 1980 to 1995, prostate cancer has remained one of the leading cancers with note of increasing incidence rates (from 12.5% for 1980-82 to 19 .3% in 1993-95). 3 Androgen deprivation therapy (ADT) is commonly used in the treatment of advanced, recurrent and metastatic prostate cancer. This is achieved surgically, with bilateral orchiectomy or medically, with luteinizing-hormone (LHRH) agonists. 4 Although the use of ADT has resulted in improved survival for men with advanced prostate cancer, the resulting hypogonadism has adverse consequences. These include increased body mass index (BMI), decreased lean body mass, muscle strength and decreased bone density, diminished sexual function, increased incidence of diabetes mellitus and metabolic syndrome, and poorer quality of life compared with men who only underwent surgery and/or radiation therapy. [4] [5] [6] [7] [8] [9] Recent reports showed that men receiving ADT have 25% higher risk of incident coronary artery disease compared with non-ADT patients 10 and that men on ADT for at least 1 year had a 20% higher risk of cardiovascular morbidity compared with non-ADT subjects. 11 Metabolic alterations such as insulin resistance, diabetes mellitus and metabolic syndrome may be responsible for the increased cardiovascular mortality in these men. 12 Review of published local literature reveals the absence of any data on the epidemiology of diabetes and metabolic syndrome among individuals with prostatic cancer, especially those who have undergone ADT. This study will provide a basis for recommending screening and monitoring for diabetes mellitus and other metabolic disorders in patients with prostate cancer for whom ADT is contemplated. 
METHODOLOGY Design
A cross-sectional analytical study was performed.
Inclusion and Exclusion Criteria
Identified were prostate cancer patients who received hormonal therapy (ADT group-continuous monthly LHRH agonist injection for at least 6 months or bilateral orchiectomy at least 6 months prior), and patients who did not receive hormonal therapy (non-ADT group) but underwent local treatment for prostate cancer (radical prostatectomy and/or radiotherapy). Patients with history of glucocorticoid use, thyroid disease, or cytotoxic chemotherapy were excluded.
Methodology
The Integrated Surgical Information System database of the Department of Surgery of the Philippine General Hospital from 2004-2010 was retrospectively reviewed. Eligible patients were contacted by telephone and were thoroughly advised regarding the benefits and risks of participating in the study. Interested patients were asked to come for a consultation where any further concerns were addressed. Informed consent was subsequently obtained.
Historical data gathered included the patients' age, smoking history, known comorbid conditions (diabetes mellitus, hypertension, dyslipidemia), family medical history, medications taken, date of orchiectomy or initiation of ADT for the ADT group, date of prostatectomy and/or radiation therapy for the non-ADT group. On physical examination, the resting blood pressure in the sitting position, height, weight, body mass index and waist circumference were determined and subsequently recorded. The patients were previously instructed to fast for at least 10 hours prior to consult. Venipuncture was performed to determine the fasting blood sugar, HbA1c, lipid profile (total cholesterol, triglycerides, HDL and LDL). A second blood extraction was done two hours after intake of a 75 gm oral glucose load. Patients were diagnosed to have diabetes mellitus and metabolic syndrome using the American Diabetes Association Standards of Medical Care in Diabetes 2010 13 and IDF Definition of Metabolic Syndrome, respectively. 14 Diagnosed patients were referred to the Section of Endocrinology, Diabetes and Metabolism of the Department of Medicine of the Philippine General Hospital and were treated according to international standards of care.
The mean and standard deviation of continuous data were described while categorical data were expressed as frequencies and percentages. The Fisher's exact point probability test and chi square test were used to compare the two groups and establish the association of the prevalence of DM and MetS with the groups. The ShapiroWilk test determined the normality of distribution. While most of the variables included in the investigation are categorical, it was found that the distribution is not normal. This was a basis to use the non-parametric test. Overall and age-adjusted prevalence of diabetes mellitus and metabolic syndrome in the two groups, as well as the 95% confidence interval for the true prevalence of diabetes mellitus and metabolic syndrome were computed. A p value <0.05 was considered significant.
The protocol of this study was reviewed and approved by the ethics committee of the Expanded Hospital Research Office of the Philippine General Hospital.
RESULTS
Seventy-four patients were included in the study: 38 were classified as belonging to the ADT group while the 36 patients were identified for the non-ADT group.
Prostate cancer patients under the ADT group are older, had higher systolic blood pressure, fasting blood glucose and mean triglyceride levels than those in the non-ADT group. (Table 1)   Table 2 shows the overall prevalence of pre-diabetes is 47%. The overall prevalence of diabetes mellitus is 31% and the overall prevalence of metabolic syndrome is 32%.
The probability of having diabetes mellitus is 2.17 times higher among prostate cancer patients belonging to the ADT group than prostate cancer patients belonging to the non-ADT group (p-value: 0.0460). For the age-specific prevalence ratio, it is highest at ages 60-69 years old, where the probability of having diabetes mellitus is. 3.67 times higher among patients belonging to the ADT group than patients in the non-ADT group (p-value: 0.0260).
The probability of having metabolic syndrome is 1.33 times higher among prostate cancer patients belonging to the ADT group than prostate cancer patients belonging to the non-ADT group (p-value: 0.4620). Specifically for the 60-69 age group, the prevalence ratio is highest at 3.67 which means that the risk of having metabolic syndrome is 3.67 times higher for patients belonging to the ADT group than patients in the non-ADT group. (p-value: 0.0260) For patients with metabolic syndrome, the breakdown of each component is in Table 5 . Elevated blood sugar is the most common component of the metabolic syndrome followed by elevated blood pressure among the ADT group. Comparing the ADT and non-ADT groups, the prevalence proportions are comparable except for high fasting plasma glucose (p-value: 0.0020). The probability of having high plasma glucose is 3.10 times greater among the ADT group than in the non-ADT group for patients with metabolic syndrome.
DISCUSSION
The reported 5-year relative survival rate for all stages of prostate cancer is 98.8% and for those who present with metastatic disease, almost 10% live 10 years beyond diagnosis. 15, 16 Because of this improvement in survival rates, prostate cancer patients have become an important emerging population of medically at risk older men. Therefore, it has become important to closely examine side effects of treatment which can potentially contribute to other co-morbidities.
Treatment modalities for prostate cancer include surgery, radiotherapy and ADT. ADT is accomplished through either bilateral orchiectomy or gonadotropin-releasing hormone (GnRH) agonist injection causing Maria Luisa Cecilia Rivera-Arkoncel, et al hypogonadism. Using ADT has proven benefit in improving over-all survival in the following patients: a) for locally advanced or high risk non-metastatic disease (in combination with external beam radiation therapy), b) for metastatic disease (as primary therapy) and c) with nodal metastases after prostatectomy and pelvic lymphadenectomy (as adjuvant therapy). [17] [18] [19] [20] [21] [22] In the United States, GnRH agonists are currently favored over orchiectomy because of their reversibility, ease of administration and patient acceptability. Because of this, there is a rising prevalence of GnRH agonist treatment reported. 23, 24 This is in contrast to our study where most of the patients belonging to the ADT group underwent orchiectomy (29 out of 38). The greater cost of continuous GnRH agonist injections compared to a single, simple operative procedure may account for this difference.
ADT causes hypogonadism with the aim to achieve serum testosterone levels as low as possible. Two populationbased studies have demonstrated that a lower than normal level of serum testosterone is an independent risk factor for diabetes and metabolic syndrome. 25, 26 Based on this premise, the drastic reduction in serum testosterone associated with ADT causes several adverse changes in body composition, lipid profile and insulin sensitivity.
Body composition
Androgens promote lean body mass over fat mass. Conversely, ADT causes a shift in body composition. 15 Several studies have demonstrated that there is loss of lean body mass with concurrent gain in fat body mass associated with ADT. 6, [27] [28] [29] There is also associated weight gain of ~2% in 12 months. 27, 28, 30 Another study also showed mean weight gain of 2.2kg that occurred primarily in the first year of therapy. 31 
Lipid profile
Recent epidemiological research suggests that low serum testosterone levels are associated with an abnormal lipid profile. 32 In addition, studies using testosterone replacement for treatment of hypogonadal men improved the lipid profile. 33 Several cross-sectional and prospective trials have evaluated the changes in lipid profile due to ADT. Serum triglycerides increase by about 26% in the first 3-6 months of treatment and total cholesterol by about 7-10% in the first 3-12 months of treatment. Serum HDL rose by 8-20% in the first 3-12 months of treatment. 27, 34, 35 Serum HDL decreased by ~5% in 12 months in one study. 36 There was no change in serum LDL in 3-6 months of therapy. 34, 35 However, there was one study which showed a rise in LDL of 7% in the first 3 months. 27 Our study demonstrated that patients on ADT have higher level of serum triglycerides with mean level of 1.66 mmol/L (SD 0.83) compared with the non-ADT group. Dyslipidemia is a known risk factor for cardiovascular disease. There is a strong, continuous, graded relationship between serum cholesterol and cardiovascular mortality. 37, 38 Thus, strategies to monitor and treat this group of patients should be studied.
Insulin resistance and diabetes
Prospective data showed that ADT use causes decreased insulin sensitivity. Fasting insulin rose by 26-65% while the serum glucose did not significantly change in the first 3 months. 6, 34, 39 Insulin sensitivity index also decreased by 13% in 12 weeks. 39 Insulin resistance is an independent risk factor for diabetes and cardiovascular disease. 40 In the general population, diabetes is a major health concern given its increasing prevalence, its associated complications causing morbidity and mortality. Globally, there were already approximately 140 million people with diabetes in 1998. The World Health Organization (WHO) has projected that this figure will rise to 300 million by the year 2025. 41 Even prior to initiation of ADT, a considerable proportion of men already have diabetes or prediabetes.
Two large population based studies showed that ADT is associated with greater incidence of diabetes. The first reported an adjusted hazard ratio for incident diabetes of 1.44 (p<0.001) for men treated with GnRH agonists and 1.34 (p<0.001) for those who underwent orchiectomy. 10 The second reported an adjusted hazard ratio for a new diagnosis of diabetes of 1.16 (95% CI 1.11-1.12). This included nearly 20,000 men >66 years old treated with either bilateral orchiectomy or 6 months or more of GnRH agonist. 8 Some studies have evaluated glucose metabolism in prostate cancer patients. Smith et.al., in 2001 and Dockery et.al., in 2003 showed that prostate cancer patients receiving ADT after 3 months of treatment did not show a significant change in plasma glucose levels but demonstrated a 63% rise in insulin levels. 6,34 A 12-week prospective study by Smith et.al., in 2006 reported similar results with increase in insulin level in ADT group (p=0.04) without significant change in glucose levels. In addition, results showed decreased insulin sensitivity index (P=0.02). 39 In 2006, a cross-sectional study by Basaria et al., showed that after a longer period of ADT treatment (12-101 months), fasting glucose and insulin levels were significantly higher (p=0.002) compared with non-ADT group and control group. Patients in the ADT group were also more insulin resistant as shown by HOMA-IR value (p <0.001). The prevalence of diabetes in the ADT group (by using FBS criteria) was 44% compared with 12% in the non-ADT group and 11% in the control group. 5 These findings may suggest that insulin resistance develops within a few months after receiving ADT, and eventually, with prolonged treatment, hyperglycemia and overt diabetes develop. Vol. 29 No. 1 May 2014
Maria Luisa Cecilia Rivera-Arkoncel, et al Our study showed that fasting blood glucose is significantly higher in the ADT than in the non-ADT group [p-value: 0.0044]. The higher HbA1c in the ADT group (ADT group: 6.31% vs non-ADT group: 5.7%) approached statistical significance (p=0.0670). The prevalence of diabetes is 42% in the ADT group and 19% in the non-ADT group, which is comparable to the study of Basaria et al. 5 
Metabolic syndrome
Metabolic syndrome as defined by IDF consists of: central obesity: waist circumference >90 cm (specific for South Asians males), plus any two of the following four factors: raised trigycerides (>1.7mmol/L or specific treatment for this lipid abnormality), reduced HDL cholesterol (<1.03 mmol/L or specific treatment for this lipid abnormality), raised blood pressure (systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg or treatment of previously diagnosed hypertension), and raised fasting plasma glucose (FPG>5.6 mmol/L), or previously diagnosed type 2 diabetes. It has received substantial interest in recent years because of its association with an increased risk of cardiovascular disease. 14 Recently, low testosterone and sex hormone-binding globulin (SHBG) levels have been identified as independent risk factors in the development of metabolic syndrome. There are studies that reported that men with low testosterone levels have higher prevalence of metabolic syndrome. 25, 42 Patients with prostate cancer undergoing ADT became hypogonadal and were found to have higher risk for developing metabolic syndrome as well as cardiovascular risks. 43 In a cross-sectional study done by Braga-Bassaria et al, metabolic syndrome was more prevalent in prostate cancer patients on ADT (55%) compared with men in the non-ADT (22%) and control group (20%). 4 Our study revealed a prevalence of 37% in the ADT group compared with 28% in the non-ADT group with a prevalence ratio of 1.33.
Our study has some limitations. First, this was a crosssectional study, and we suggest prospective studies in this group of patients. Second, the fasting insulin levels and HOMA-IR to check for insulin resistance were not measured. Third, measurement of serum testosterone, SHBG and dihydroepiandrosterone-sulfate (DHEA-S) to check for severity of hypogonadism in association with metabolic profile would have been ideal. Lastly, an inclusion of age-matched controls would have been helpful to account for influence of age on the development of diabetes and metabolic syndrome.
It has been recognized for several years that men with prostate cancer have higher cardiovascular mortality. 44 Because of the consistent data showing the link between prostate cancer patients on androgen deprivation therapy and multiple risk factors which include diabetes, dyslipidemia and metabolic syndrome, it is imperative that strategies in terms of screening, monitoring, treatment, counseling and follow-up be formulated.
CONCLUSION
In conclusion, the prevalence of diabetes mellitus and metabolic syndrome is higher in prostate cancer patients on androgen deprivation therapy compared with prostate cancer patients who did not undergo ADT. These metabolic complications may account for the higher risk for cardiovascular mortality observed in this group of patients. These men may benefit from counseling, screening and closer monitoring for development of these metabolic complications. Larger, prospective studies in this group of patients are recommended.
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